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ABSTRACT

A Smart Aquarium with Self-Monitoring System utilizes smart
technology to intelligently monitor water conditions and provide
feedback to users. It encompasses water level, pH, and turbidity
using TDS sensors, along with a Blynk user interface displayed on a
smartphone screen for the care of aquatic pets. The integration of
sensors with the Arduino UNO microcontroller and Blynk platform
allows for real-time monitoring and control. Research results
demonstrate the successful integration of SAMS, showcasing its
ability to provide real-time monitoring and promote responsible pet
ownership. Furthermore, improvement suggestions are provided to
enhance the system's performance for ease of use and assist in
optimizing its capabilities. Overall, this paper contributes to the

advancement of smart aquarium technology and offers valuable
insights for future development and implementation.

1. Introduction

This article explores the advancements in smart aquarium technology and monitoring systems.
It aims to provide an understanding of the current state of these technologies and guide the
creative vision of this project. The context for the design, development, and implementation of
this project is established here, with a focus on monitoring pH levels, water level, water
temperature, and turbidity, all integrated with smartphone technology.

This project aims to motivate more people to own aquatic pets by offering a convenient and
efficient solution for managing aquarium environments. Through the integration of the Blynk
App, users can effectively monitor their aquarium's inventory and receive timely notifications
about environmental conditions, even when they are at home. This not only enhances the user
experience but also promotes responsible pet ownership by ensuring optimal conditions for
aquatic life. With accurate pH level management and maintenance of water levels and
cleanliness, our Smart Aquarium system minimizes the risk of fish diseases and untimely
deaths. Additionally, user-friendly interfaces, such as the Blynk app, make it easy for users to
manage and monitor their aquariums, increasing convenience and ensuring the effectiveness of
our product.

The literature review for smart aquariums and monitoring systems focuses on innovative
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developments in the maintenance of pH levels, water level regulation, and turbidity monitoring
within aquariums. Research shows that accuracy in pH control is improving with current
technology, such as servo mechanisms that promote precise pH maintenance [1]. Integration
with smartphones helps in real-time monitoring and control, although reliability issues are
being studied by researchers [2]. The primary factor behind the emphasis on technology in this
field is the requirement for pH level monitoring. For sustainability, time-saving features are
also essential. Communication and remote monitoring are made possible by 10T technologies
[3]. Regulations and requirements about water parameter safety should be known. HCI
principles that incorporate interface intuition have a significant impact on effective user
engagement. [4]. Determination through testing is crucial for reliable pH control and stable
levels. Evaluation due to remote monitoring ability via smartphones is essential [2].
Complexity in tracking precision and practicality comes with LCD screens [5].

2. Materials and Methods

The development of the (SAMS) followed a structured engineering methodology to ensure
systematic design, integration, testing, and risk management [6]. Beginning with a thorough
requirement analysis, key functionalities such as pH level monitoring, water level management,
and remote connectivity were identified. Careful component selection and integration, coupled
with circuit design and prototyping, ensured the system's robustness and longevity.

Software development focused on creating reliable control logic for the Arduino UNO
microcontroller, which was extensively tested to verify its performance. Prototype testing
validated the system's accuracy and responsiveness across various parameters, while
environmental and compliance testing ensured its suitability for real-world deployment.

A proactive strategy was employed to identify and mitigate any operational and technological
risks that might arise throughout the SAMS development process. Close oversight was
maintained throughout the entire component integration and assembly process to ensure that
SAMS operated as intended.

The system architecture begins with identifying input sources, including pH sensors, water
level sensors, and TDS (Total Dissolved Solids) sensors, with a smartphone serving as the
output device. The control center is the meticulously configured Arduino UNO
microcontroller, overseeing the Blynk platform, smartphone, and sensor inputs.

The circuit architecture is crucial in the SAMS project as it facilitates the integration of various
electrical components necessary for the system's proper functioning. This includes control
circuitry, pH sensors, TDS sensors, and water level sensors. The layout design controls the
routing of electrical connections and the physical arrangement of these components on a printed
circuit board (PCB), ensuring smooth communication between various system parts.

Figure 1 shows the block diagram of SAMS. The SAMS consists of a water level sensor that
measures the water level in the aquarium, a pH sensor that monitors the water's pH level (an
essential parameter for maintaining a suitable environment for aquatic life), and a TDS sensor
that measures the concentration of dissolved solids in the water, which can affect water quality
and clarity. The system is powered by a 5V power supply, providing the necessary electrical
power for the operation of the components. The Arduino UNO, a microcontroller board, acts
as the central processing unit, receiving data from the sensors, processing it, and
communicating with the output devices. The Blynk application, a software or mobile app, is
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used for remote monitoring and control of the system, receiving data from the Arduino UNO,
and providing a user interface for displaying and analyzing the water parameters. A smartphone
serves as a display device, allowing for convenient visualization of the water parameters
measured by the system. The arrows in the diagram represent the flow of data or
communication between the different components, with the sensors sending data to the Arduino
UNO, which processes the information and transmits it to the Blynk application and the
smartphone for display and monitoring purposes.

Figure 2 below illustrates the flow chart of the SAMS, depicting its operation through a clearly
defined logic flow. Key sensors such as pH, water level, and TDS (total dissolved solids)
sensors are initialized at the beginning of the program, with a smartphone serving as the output
device. The Arduino UNO microcontroller board serves as the central control unit for the
system'’s functioning. The program begins by initializing both the Blynk application for remote
smartphone monitoring and the connected sensors. This setup ensures smooth communication
and data flow among the system's components. In the main program loop, which runs
continuously during system operation, the program checks the status of the Blynk application.
If the application is not running, the loop continues to check until connectivity is established.
Once connected, the program proceeds to read input values from the pH sensor, water level
sensor, and TDS sensor.

The raw sensor data is then converted into suitable units and formatted for display. This
formatted data is transmitted to the Blynk application for remote monitoring and display.
Additionally, the program constantly monitors for any changes or updates in sensor data
compared to previous readings. Upon detecting changes, the updated data is sent to the
smartphone for local monitoring, ensuring synchronization between remote and local displays
with the latest aquarium conditions. After executing these steps, the program returns to the
beginning of the main loop, repeating the process to maintain real-time monitoring and alerting
for optimal aquarium conditions.
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Figure 1: Block Diagram of SAMS

© 2024 Politeknik Ungku Omar | All rights reserved. 74



2024 Jurnal Kejuruteraan, Teknologi dan Sains Sosial
Volume 10 Issue 1, June 2024, e-1SSN: 27166848

START Convert and print

l

pH sensor = INPUT

Send to
Water Level Sensor = INPUT
Blynk
TDS Sensor = INPUT
LED Display = OUTPUT l
l Send data to

[ Arduino UNO ] Leo

|

Initialize (Blynk, LCD,
Sensors)

}
[ e ]

|

Check Blynk
Running

[ Detect input from sensors ]

Figure 2 Flow Chart of SAMS
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3. Results

Based on Figure 3 and Figure 4, the Smart Aquarium Management System (SAMS)
demonstrates robust performance in maintaining critical water parameters, such as temperature,
pH, water level, and turbidity, within desirable ranges. This consistent control is essential for
establishing a healthy and stable environment for aquatic life.

Upon observation:

Temperature: Maintained within 23°C to 26°C, ensuring a stable thermal environment, albeit
at the lower end of the optimal range (24°C to 28°C).

pH: Kept within 7.4 to 7.7, providing a balanced and stress-free environment for fish, well
within the optimal range of 6.5 to 7.8.

Water Level: Fluctuated minimally between 48 cm and 51 cm, indicating effective water
management.

Turbidity: Remained low between 4.7 NTU and 5.2 NTU, ensuring clear and clean water, well
below the threshold of 10 NTU for optimal fish health.

The integration of sensors with the Arduino UNO microcontroller and Blynk platform allows
for real-time monitoring and control, enhancing the system'’s reliability and user-friendliness.
This project effectively demonstrates how smart technology can improve aquarium
management, offering a dependable, efficient, and user-friendly solution for aquarium
enthusiasts.

The result analysis showcased impressive outcomes regarding the capabilities of the SAMS.
Integration with the Blynk app facilitated seamless real-time monitoring of the aquarium
environment. Temperature sensors accurately tracked internal conditions, with changes
promptly reflected on the app interface. Crucially, sensors such as pH sensors, water level
sensors, and TDS sensors demonstrated high accuracy and responsiveness in maintaining
optimal aquarium conditions.
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Figure 3: Result From App Blynk over 7 Days of observation.

© 2024 Politeknik Ungku Omar | All rights reserved.

7



26.0

T 25.0

Temperature (*C
LY
&
wn

s
i
o

ra
w
un

23.0

Temperature Qver 7 Days

2024 Jurnal Kejuruteraan, Teknologi dan Sains Sosial

1o

7.65

7601

I 7.55F

7.50

7.45r

f.40F

Volume 10 Issue 1, June 2024, e-ISSN: 27166848

pH Levels Over 7 Days

-
5]

5051

50.0

49.5

Water Level (cm)

49.0

48.5

48.0

3 4
Day

5 6

-

Water Level Over 7 Days

b i L W
o =] - [

Turbidity (NTU)

En
o

a7t

-

~

2 3 3 5 5
Day
Turbidity Over 7 Days

b

4. Discussion

3 4
Day

5 [

-

1

2 3 4 5 B
Day

Figure 4: Results From Blynk Apps in Graphical Form

The Smart Aquarium Management System (SAMS) effectively maintains critical water
parameters within optimal ranges. The temperature remains stable between 23°C to 26°C, pH
levels fluctuate within the optimal range of 6.5 to 7.8, water levels show minor variations and
turbidity levels stay consistently low [7]. SAMS contributes to a healthy aquatic environment
by ensuring stable conditions and efficient parameter control. Its integration with sensors and
control systems enhances reliability and user-friendliness, offering aquarium enthusiasts a
convenient solution for maintaining optimal conditions in their aquatic ecosystems. Table 1
below demonstrates the system's consistent maintenance of critical water parameters within
desired ranges, providing a healthy and stable environment for the aquarium.

Table 1: Demonstration of Consistent Maintenance of Critical Water Parameters within
Desired Ranges

Parameter Range / Value

Temperature 23°C - 26°C (Optimal: 24°C - 28°C)

pH 7.4 -7.7 (Optimal: 6.5 - 7.8)

Water Level 48 cm- 51 cm

Turbidity 4.7 NTU - 5.2 NTU (Optimal: <10 NTU)
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5. Conclusions

The SAMS effectively maintains optimal water parameters for tropical freshwater fish,
ensuring a healthy environment. Its precise control of temperature, pH, water levels, and
turbidity fosters stress-free conditions for aquatic life. Integrated with smartphone technology,
especially the Blynk app, it enables real-time monitoring and intervention, promoting
responsible pet care and minimizing risks like fish diseases and untimely deaths.

6. Recommendations

To further enhance the performance and reliability of the SAMS, a series of strategic
recommendations are proposed. The initial step involves optimizing data transfer speed and
reliability. By implementing modern communication protocols such as Bluetooth Low Energy
or Wi-Fi, the connection between the smart aquarium and the user interface will be significantly
improved. This enhancement will ensure that data is transmitted quickly and accurately,
providing users with real-time updates on their aquarium'’s status.

Incorporating machine learning algorithms for predictive maintenance is another crucial
recommendation. By analyzing historical data, these algorithms can anticipate potential issues
before they arise, allowing for timely interventions. This proactive approach will help in
maintaining optimal conditions within the aquarium, ultimately promoting the health and well-
being of aquatic life.

Enhancing the user experience within the Blynk app is also vital. Developing personalized user
profiles will allow users to tailor the app to their specific needs. Additionally, customizable
notifications can alert users to critical changes in aquarium conditions, ensuring that they can
respond promptly. Implementing historical data analysis features will enable users to track
trends over time, providing valuable insights into the health of their aquarium.

Integration with cloud services is another important step. Utilizing energy-efficient
components for cloud integration will promote sustainability. Remote data storage will
facilitate the management of multiple aquariums, and advanced analytics will offer deeper
insights into aquarium health and performance. This comprehensive approach will enhance the
functionality and efficiency of SAMS.

Incorporating a robust user feedback mechanism within the app is essential for continuous
improvement. By gathering user experiences and suggestions, developers can make informed
decisions about future enhancements. This user-driven approach will ensure that the system
evolves in a way that meets the needs and expectations of its users.

Expanding the system's environmental sensing capabilities will further improve its
effectiveness. Adding sensors to monitor additional parameters, such as ammonia levels and
nitrate concentrations, will provide a more comprehensive picture of the aquarium's
environment. Supporting APIs for seamless interaction with other smart home systems will
also enhance the system's versatility and integration capabilities.

Enhancing display and monitoring capabilities is another key recommendation. Enabling
simultaneous data display on the 12C LCD Display will provide real-time monitoring without
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relying solely on the app. This feature will offer users immediate access to critical information,
enhancing their ability to manage their aquarium effectively.

Finally, implementing a reliable backup power supply system is essential. This precautionary
measure will ensure that the SAMS can continue to operate during power outages or main
system trips. By maintaining stable environmental conditions, this backup system will protect
the health and safety of aquatic life. Adopting these recommendations will enable future
iterations of SAMS to achieve greater efficiency, reliability, and user satisfaction, paving the
way for the development of a comprehensive smart environmental monitoring system ready
for future challenges and advancements.
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